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low sodium concentrations in biological tissues, and rapid signal
decay. Despite these challenges, improved hardware coupled with
higher ﬁeld strengths enable diagnostic-quality sodium MRI in vivo
in reasonable scan times. Short-TE gradient-spoiled sequences
with efﬁcient k-space trajectories are often employed to maximize
sodium signal and minimize blurring from signal decay.
Methods: Thirty-four knees of 17 subjects with previous unilateral
ACL tears were imaged in the sagittal plane using a GE Signa
Exite 3.0T MRI scanner and custom quadrature sodium knee coil.
Both the injured knee and uninjured knees were scanned. We
studied 8 male and 9 female patients (age 21-47) with a range of
2-13 years after ACL injury.
A fast gradient-spoiled sequence using the 3D cones k-space
trajectory and a rapid excitation was developed for sodium image
acquisition. Imaging parameters were TR/TE 35/0.6 ms, ﬂip angle
70 degrees, 28 signal averages. Resolution of the sodium MRI ac-
quisition was 1.25×1.25×4 mm with a 21 minute imaging time. B1
maps obtained using a dual-ﬂip angle approach in vivo conﬁrmed
a ﬂip angle variation of less than 5% across the ﬁeld of view of
the coil. A 100-mmol-concentration test tube of saline was placed
within the coil to normalize for signal differences between scans.
Conventional proton imaging with a 3D fat-suppressed spoiled
gradient echo scan was done to look for cartilage loss. The move-
ment of the subject was minimized between sodium and proton
scans to facilitate registration.
For each subject, the signal of the sodium in the images was
measured using regions of interest in the central regions of the
medial and lateral femoral and tibial cartilage with OSIRIX. Signal
was normalized by the image noise and signal from the test tube.
Normalized sodium signal was regressed on knee status (normal
or surgery) and cartilage region (femur/tibia and medial/lateral),
using a PA-GEE regression.
Results: None of the 17 subjects studied showed areas of full
thickness cartilage loss on the proton MRI images. Knees with
ACL injury had signiﬁcantly lower sodium signal levels (19.6 vs.
22.7, p <0.001). Medial regions had signiﬁcantly higher sodium
signal levels than lateral ones (21.6 vs. 20.7, p <0.008). Within-
patient correlation was 0.83. Without exception, signal levels were
lower in all regions from knees with ACL injury when compared
to corresponding regions in the same patient’s intact knee. A
representative image is shown in the ﬁgure, with normal appearing
cartilage on the proton image, and area of GAG depletion on the
sodium image (arrows).
Conclusions: Our results show that whole knee sodium MRI
at 3.0T can detect early changes in articular cartilage sodium
signal for patients with previous ACL tears. Sodium signal from
articular cartilage has been shown to correlate directly with GAG
content. In vivo sodium MRI is promising for detection of GAG
depletion that may occur prior to cartilage loss in osteoarthritis.
The ability to non-invasively quantify GAG loss may help with
treatment development and rehabilitation of ACL injury.
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Purpose: Cross sectional studies have indicated that knees with
early radiographic change displayed increased cartilage thickness
in MRI versus healthy knees. A natural history trial recently re-
ported that only 25% of the knees with symptomatic radiographic
OA showed signiﬁcant cartilage thinning over 2 years in at least
one medial femorotibial subregion compared with a healthy refer-
ence cohort, whereas 15% displayed signiﬁcant cartilage thicken-
ing and 60% no signiﬁcant change in thickness. When evaluating
whether a DMOAD can prevent cartilage thinning (loss) it is impor-
tant to predict which knees will change and which ones will not.
The objective was thus to identify speciﬁc predictors of cartilage
thinning and thickening in OA knees.
Methods: One knee in each of 152 female participants was fol-
lowed over 2 years at 7 clinical centers using 3T MR imaging (1.0
mm coronal FLASHwe). 77 knees had no symptoms and no evi-
dence of radiographic OA in either AP or Lyon Schuss radiographs,
whereas 75 displayed signs of medial femorotibial radiographic OA
in at least one radiograph and a range of symptoms. Cartilage
thickness (ThC) was determined in 8 subregions (5 medial tibial,
MT; 3 medial femoral, cMF) in baseline and follow up images using
custom software (Chondrometrics GmbH, Ainring, Germany). OA
participants with signiﬁcant longitudinal cartilage thinning, thick-
ening or no change in any of the 8 subregions were identiﬁed
based on comparison to the z-distribution of change in the healthy
reference knees. Receiver Operator Characteristic (ROC) analysis
and Mann Whitney tests were used to determine which baseline
measures discriminated between subcohorts. These measures in-
cluded clinical and radiographic status, cartilage morphology and
composition, meniscus status (subluxation, height and coverage),
and biochemical biomarkers from the urine normalized to crea-
tinine (u), plasma (p), or serum (s), i.e. uOsteopontin, uTINEr,
uTIINE, uTIIINE, uAgg, pPGE2, p15HETE, pNPII, pYNO2, sPI-
IANP, sIntactPINP, sCOMP, sCPII, sPIIINP, uCTXII.
Results: 19 of 75 OA knees showed signiﬁcant cartilage thin-
Table 1. Area under the curve values (AUC from ROC analysis) and signiﬁcance
levels (Mann Whitney)
Thinning vs. Thinning vs. Thickening vs. Thickening vs.
no thinning no change no change thinning
BMI 0.59 0.62 0.64 0.50
WOMAC pain 0.60 0.63 0.69 0.57
WOMAC stiffness 0.67* (+) 0.68* (+) 0.57 0.64
WOMAC function 0.65 0.68* (+) 0.69* (+) 0.53
JSN (Lyon Schuss) 0.74** (–) 0.74** (–) 0.51 0.76* (+)
Knee alignment 0.75**§ 0.77**§ 0.55 0.68
ThC MT (MRI) 0.56 0.57 0.55 0.56
ThC cMF (MRI) 0.79*** (–) 0.81*** (–) 0.59 0.76* (+)
Meniscus morphology up to 0.61 up to 0.63 up to 0.59 up to 0.60
Mean dGEMRIC MFTC 0.64 0.66* (–) 0.61 0.60
Mean T2 MFTC 0.55 0.48 0.60 0.69
SD T2 MFTC 0.63 0.66* (–) 0.78** (-) 0.65
sCTXI 0.66* (-) 0.65* (–) 0.50 0.68
Other biochem markers up to 0.62 up to 0.64 up to 0.68 up to 0.73
*p<0.05, **p<0.01,***p<0.001; (+) = reater value and (–) = lower value in ﬁrst
group; §stronger varus malalignment, MT = medial tibia, cMF = medial femur;
MFTC = medial femorotibial compartment [= MT+cMF]).
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ning, 11 signiﬁcant thickening, and 45 no signiﬁcant change (in
any medial subregion) compared with healthy knees. Only few
parameters (WOMAC stiffness, JSW, knee alignment, ThC, and
sCTXI) predicted signiﬁcant cartilage thinning versus no thinning
(= thickening or no change); a low ThC of cMF was the strongest
predictor of cartilage thinning.
Signiﬁcant cartilage thickening versus no change was predicted by
higher WOMAC function scores and a smaller standard deviation
of T2. No signiﬁcant differences between groups were found
for age, BMI, pain, meniscus pathology and other biochemical
biomarkers.
Conclusions: Only few parameters predicted signiﬁcant cartilage
thinning, the strongest being baseline cartilage thickness in the
medial femur (AUC=0.81). Participants with signiﬁcant cartilage
thickening (but also with signiﬁcant thinning) were identiﬁed by in-
crease WOMAC function scores and a smaller SD of T2 compared
with OA knees with no change.
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DEVELOPMENT OF A FULLY AUTOMATED SYSTEM FOR
THE QUANTIFICATION OF HUMAN KNEE OSTEOARTHRITIC
SYNOVIAL FLUID USING MAGNETIC RESONANCE IMAGES
W. Li1, F. Abram1, J.-P. Pelletier2, J.-P. Raynauld2, M. Dorais3,
M.-A. D’Anjou4, J. Martel-Pelletier2
1ArthroVision Inc., Montreal, QC, Canada; 2Osteoarthritis Res.
Unit, Notre-Dame Hosp., CRCHUM, Montreal, QC, Canada;
3Pharmacoepidemiology and Pharmacoeconomics Res. Group,
Univ. of Montreal Hosp. Res. Ctr. (CRCHUM), Montreal, QC,
Canada; 4Dept. of Clinical Sci., Faculty of Vet. Med., Univ. of
Montreal, Saint-Hyacinthe, QC, Canada
Purpose: Joint effusion is frequently associated with osteoarthritis
(OA) ﬂare-up and is an important marker for therapeutic response.
The aim of the study was to develop a fully automated system
based on magnetic resonance imaging (MRI) for the quantiﬁcation
of synovial ﬂuid in knee osteoarthritis (OA) patients.
Methods: Imaging was performed using a 1.5T and a knee
coil. The MRI exam for joint ﬂuid volume consists of two axial
sequences: a T2-weighted true fast imaging with steady-state
precession and a T1-weighted gradient-echo. The measurement
consisted of a 3D object segmentation process based on image
intensity analysis and anatomic structure ﬁltering, and a volume
calculation process working at sub-voxel resolution. Two MRI vali-
dation protocols were performed: 1) by using calibrated phantoms,
2) by comparing the volume obtained with the automatic versus
the manual computation in 25 OA knees. In addition, the joint ﬂuid
volume assessed with the automatic MRI system was contrasted
with the direct aspiration on ten knee OA patients.
Results: Volume assessment of calibrated phantoms containing
14.1 ml of liquid performed on different MR apparatus at four
clinical sites with the developed automated MRI system showed
excellent results; the calculated mean volume for 200 phantoms
was 14.0±0.2 ml. Similarly, the correlation of joint ﬂuid volumes
between the automated with the manual readings on 25 OA
knee MR images was also excellent; r=0.98, p<0.0001. Moreover,
comparison between volumes obtained by arthrocentesis and
those calculated by the developed MRI automated system on ten
knee OA patients showed that although the latter volume was
higher, the Pearson correlation coefﬁcient was also very good
(r=0.88, p=0.0008).
Conclusions: This newly developed fully automated MRI joint
ﬂuid quantiﬁcation system for knee OA patients was shown to
produce highly reproducible results and demonstrated an excellent
correlation with direct joint aspiration.
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Purpose: Magnetic resonance imaging (MRI) is a powerful tool
for the assessment of cartilage morphology (volume, thickness,
surface areas) and can be used to evaluate disease progression
(cartilage loss) in OA. Sagittal 1.5mm SPGR/FLASH sequences
are a common standard in knee cartilage morphology imaging and
have the advantage that all cartilage plates in the femoropatel-
lar and femorotibial compartment are covered by the images,
including the posterior aspects of the femoral condyles. Coronal
acquisitions with thinner slices (1.0mm) have been advocated for
better delineation of the cartilage in the weight-bearing femorotib-
ial compartment, because of the smaller partial volume effects,
particularly in the internal and external aspects of the tibia and
femoral condyles. The objective of this study therefore was to
directly compare the rate and sensitivity to change in cartilage
thickness between 1.0 mm coronal vs. 1.5 mm sagittal acquisi-
tions (FLASHwe acquired at 3 Tesla) in a 2 year longitudinal study
in knees with radiographic OA.
Methods: A subsample of 55 participants with deﬁnite medial
radiographic OA (29 KLG2, 26 KLG3) was analyzed from a
larger study including also healthy reference subjects (A9001140).
1.0mm coronal and 1.5mm sagittal 3 Tesla FLASHwe MR images
were acquired at 7 imaging centres, at baseline and at 24 months.
The images were processed by 7 experienced readers. Segmen-
tation of the medial (MT) and lateral tibial (LT), and the medial
(cMF) and lateral weight-bearing femoral condyle (cLF) was per-
formed in the coronal and sagittal images pairs, with blinding to
the order of acquisition. Coronal and sagittal pairs were processed
by the same reader, and segmentations were quality controlled
by one person (F.E.). Cartilage thickness over the entire subchon-
dral bone area (ThCtAB) was computed in 5 subregions of the
medial and lateral tibia, and in 3 subregions of the medial and
lateral weight bearing femur, respectively, using custom software
(Chondrometrics GmbH, Ainring, Germany).
Results: Results for the medial FT compartment are shown in Ta-
ble 1: In MT, the mean change (MC%) and standardized response
mean (SRM = MC/SD of change) was similar between coronal
and sagittal images, but in cMF it was higher for the sagittal scans,
also in external and internal subregions (ecMF, icMF). Only in
the internal subregion of MT, the SRM for coronal (-0.24) was
greater than for sagittal images (-0.10). The longitudinal changes
were moderately correlated between coronal and sagittal scans,
with the highest agreement in the exernal MT and the central
aspect of cMF. The pattern of cartilage loss (relationship between
Table 1. Mean change (MC%), standardized response mean (SRM) in cartilage
thickness (ThCtAB) over 24
1,0 mm coronal 1,5 mm sagittal Correlation
MC % SRM p MC % SRM p Pearson Spearman
MT -1.7 -0.41 0.004 -1.9 -0.38 0.007 0.23 0.28
cMT -2.7 -0.42 0.003 -2.8 -0.41 0.004 0.20 0.15
eMT -4.0 -0.41 0.004 -4.7 -0.39 0.006 0.65 0.37
iMT -1.0 -0.24 0.079 -0.8 -0.10 0.47 0.12 0.13
aMT -1.3 -0.21 0.12 -0.7 -0.10 0.45 0.24 0.21
pMT -0.1 -0.04 0.79 -1.2 -0.15 0.28 0.05 0.18
cMF -1.4 -0.16 0.23 -2.3 -0.36 0.010 0.40 0.20
ccMF -2.3 -0.20 0.14 -3.5 -0.31 0.025 0.52 0.30
ecMF -2.0 -0.15 0.28 -1.9 -0.30 0.029 0.27 0.30
icMF -0.2 -0.04 0.76 -1.5 -0.20 0.15 0.21 0.13
